Problems of haemoglobin freeze-drying: evidence that water removal is the key to iron oxidation.
Formation of methaemoglobin during freeze-drying of oxyhaemoglobin raises the question of the cause and mechanism of the oxidation. Haemoglobin with or without lyoprotector (250 mM glucose or amino acid salt) has been subjected to freeze drying changes in either or both of two constraints--vacuum and rise in temperature. A rise in temperature from -40 to +10 degrees C had no substantial denaturing effect on haemoglobin whether protected or not. Maintenance of a vacuum over frozen haemoglobin for 18 h often produced subtotal desiccation. Unprotected haemoglobin was partially oxidized (39% MetHb) whereas protected haemoglobin was not (less than 4% MetHb). Haemoglobin was also dried by rapid dehydration of thin films in a stream of air at room temperature (20 degrees C). The methaemoglobin content was then 43% whereas the amino acid salt or glucose limited it at 4 and 7%, respectively. Haemoglobin is oxidized, therefore, only because of the removal of water. Protectors, not specific in structure and action, probably work by holding or reinforcing the critical number of hydration layers around haemoglobin.